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Background: Prevention and control of thalassemia requires simple, rapid, and accurate screening tests for carrier couples who are 
at risk of conceiving fetuses with severe thalassemia. 
Methods: Single-tube multiplex real-time PCR with SYBR Green1 and high-resolution melting (HRM) analysis were used for the 
identification of α-thalassemia-1 Southeast Asian (SEA) and Thai type deletions and β-thalassemia 3.5-kb gene deletion. The results 
were compared with those obtained using conventional gap-PCR. DNA samples were derived from 28 normal individuals, 11 indi-
viduals with α-thalassemia-1 SEA type deletion, 2 with α-thalassemia-1 Thai type deletion, and 2 with heterozygous β-thalassemia 
3.5-kb gene deletion. 
Results: HRM analysis indicated that the amplified fragments from α-thalassemia-1 SEA type deletion, α-thalassemia-1 Thai type 
deletion, β-thalassemia 3.5-kb gene deletion, and the wild-type β-globin gene had specific peak heights at mean melting tempera-
ture (Tm) values of 86.89˚C, 85.66˚C, 77.24˚C, and 74.92˚C, respectively. The results obtained using single-tube multiplex real-time 
PCR with SYBR Green1 and HRM analysis showed 100% consistency with those obtained using conventional gap-PCR. 
Conclusions: Single-tube multiplex real-time PCR with SYBR Green1 and HRM analysis is a potential alternative for routine clinical 
screening of the common types of α- and β-thalassemia large gene deletions, since it is simple, cost-effective, and highly accurate.
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INTRODUCTION
Thalassemia, a group of inherited blood disorders, can be 
classified as α- and β-thalassemias on the basis of its clinical 
manifestations and genetic background. More than 95% of 
documented cases of α-thalassemia reported the deletion of 
one or both α-globin genes from chromosome 16p13.3 [1, 
2]. These gene deletions cause mild α-thalassemia-2 and se-
vere α-thalassemia-1. The most common mutations of α- 
thalassemia-1 in the Thai population are the Southeast 
Asian (SEA) and Thai type deletions; the SEA deletion is 
approximately 20.5 kb in length, involving both functional 
α-globin genes but leaving the ζ2-globin gene intact [3, 4], 
and the Thai type deletion, is approximately 33.45 kb in 
length, involving both α-globin genes as well as the ζ2 gene 
[5]. In Southeast Asia, the carrier frequencies of α-thalasse-
mia-1 SEA and Thai type deletions were 4-14% and 0.2%, 
respectively, depending on the population [4, 6, 7]. 
Unlike α-thalassemia, in which large deletion mutations 
predominate, β-thalassemia usually occurs because of mu-
tations other than deletion mutations. However, some cases 
of β-thalassemia are due to large deletions, which vary from 
0.1 to 10 kb [8, 9]. The most frequent β-globin gene dele-
tion found in the Thai population is a 3.5-kb deletion lo-
cated at the 5´ breakpoint in the region between nucleotides 
-810 and -128 of the β-globin locus and the 3´ breakpoint 
between the Ava II and Xmn I sites located downstream of Pornprasert S, et al.  •  Multiplex Real-time PCR for Thalassemia
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the β-globin gene [10]; this 3.5-kb deletion has a prevalence 
of 2% [11-13]. In addition, double heterozygosity for α- and 
β-thalassemias can also be found in the Thai population 
with a frequency of approximately 2% [14]. 
Even though carriers of α-thalassemia-1 do not show any 
clinical symptoms, couples in which both individuals are 
carriers have a 25% chance of conceiving a fetus that is ho-
mozygous for the deletion, which manifests as Bart’s hydro-
ps fetalis, the most severe thalassemic syndrome. All these 
fetuses either die in utero or soon after birth [15-17]. In ad-
dition, the homozygosity or compound heterozygosity for 
β-thalassemia mutations produce severe clinical pheno-
types, and the child is mostly blood transfusion-dependent. 
Moreover, the compound β-thalassemia/Hb-E causes ane-
mia, which varies from almost asymptomatic states to se-
vere anemia and transfusion dependency in patients [18-
20]. An examination for α-thalassemia-1 and β-thalassemia 
is, therefore, essential for carrier couples who are at risk of 
conceiving a fetus with severe thalassemias (Bart’s hydrops 
fetalis, β-thalassemia, and β-thalassemia/Hb-E). 
Real-time PCR with SYBR Green1 and high resolution 
melting (HRM) analysis are currently used to diagnose α- 
thalassemia-1 SEA type deletion and β-thalassemia 3.5-kb 
gene deletion [12, 21]. Furthermore, HRM analysis and 
multiplex PCR with SYTO-9 is used for prenatal diagnosis 
of β-thalassemia/Hb-E [22], and multiplex PCR with SYBR 
Green1 followed by melting curve analysis is used for the 
identification of α-thalassemia-1 SEA and Thai type dele-
tions [23]. HRM analysis is simple, high-throughput, and is 
faster than the conventional PCR since it does not require 
the post-PCR processing steps [12, 21, 22]. This approach 
would be more cost-effective if it could be processed as a 
multiplex PCR for diagnosis of several types of thalasse-
mias. Therefore, the aim of this study was to develop a sys-
tem of single-tube multiplex real-time PCR using SYBR 
Green1 and HRM analysis for rapid diagnosis of α-thalasse-
mia-1 SEA and Thai type deletions and β-thalassemia 3.5-
kb gene deletion, the most frequent thalassemia large gene 
deletions found in Thai and Southeast Asian populations. 
MATERIALS AND METHODS
1. DNA samples 
DNA was extracted from EDTA-anticoagulated blood 
samples of 28 normal individuals, 11 individuals with 
α-thalassemia-1 SEA type deletion, 2 with α-thalassemia-1 
Thai type deletion, and 2 with β-thalassemia 3.5-kb gene 
deletion by using the NucleoSpin® kit (Macherey-Nagel; 
KG., Duren, Germany), according to the manufacturer’s in-
structions. The thalassemic genotypes of the DNA samples 
were determined by conventional gap-PCR [24, 25] follow-
ing the thalassemia screening protocol before using single-
tube multiplex real-time PCR. This study was approved by 
the Ethics Committee of the Faculty of Associated Medical 
Sciences, Chiang-Mai University.
2. Single-tube multiplex real-time PCR using SYBR Green1
  and HRM analysis
DNA amplification was carried out in a 25 µL reaction 
mixture containing 12.5 µL 2× Fast SYBR® Green Master 
Mix (QIAGEN; GmbH, Hilden, Germany); primer sets 
specific for α-thalassemia-1 SEA and Thai type deletions, 
β-thalassemia 3.5-kb deletion and wild-type β-globin gene, 
which was used as the internal control; and 7 µL DNA sam-
ple. Nucleotide sequences and final concentrations of the 
primers used in this study are shown in Table 1. The primer 
sequences used in this study for α-thalassemia-1 SEA type 
deletion, β-thalassemia 3.5-kb deletion, and wild-type β- 
globin gene were the same as those used in previous studies 
[12, 21]. PCR with SYBR Green1 was performed using Ro-
tor-Gene 6000
TM (Corbett Research; Mortlake, New South 
Wales, Australia). The mixture was preheated at 95˚C for 5 
min, followed by 40 cycles at 95˚C for 10 sec and 60˚C for 
30 sec. The amplification cycles were followed by a high-
resolution melting cycle from 70˚C to 95˚C at the rate of 
0.1˚C/2 sec. When the melting temperature (Tm) is reached, 
double-stranded DNA is denatured and SYBR Green1 is re-
leased, which causes a dramatic decrease in fluorescence in-
tensity. The rate of this change was determined by plotting 
the derivative of the fluorescence relative to that of the tem-
perature (dF/dT) by using the data analysis software of the 
Table 1. Primer sequences used for single-tube multiplex real-time PCR 
with SYBR Green1 and high-resolution melting analysis 
Primer Sequence (5´→3´) Concentration
(nM)
GenBank 
accession 
no.
Forward α-thal-1 SEA AGA AGC TGA GTG ATG GGT CCG 400 Z84721
Reverse α-thal-1 SEA TGG ACT TAA GTG ATC CTC CTG CCC 400 Z69706
Forward α-thal-1 Thai ATT CAC ATA CCA TAC GGT TCA C 300 Z84721
Reverse α-thal-1 Thai AAT TCC CCT GGA CTT GAG TG 300 Z69706
Forward β-thal 3.5 
  kb deletion
GTC ACA CTT TGG GTT GTA AGT GAC 160 U01317
Reverse wild-type 
   β-globin gene
TCA ATGT GCT CTG TGC ATT AGT TAC 160 U01317
Reverse β-thal 3.5-
   kb deletion
TGC CAT TTC ATG GTT CAC CTT TCA 160 U01317
Abbreviation: SEA, Southeast Asian. 140     www.kjlm.org
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real-time PCR instrument. The temperature at which a 
peak occurs on the plot corresponds to the Tm of the DNA 
duplex. The Tm values of α-thalassemia-1 SEA type deletion, 
β-thalassemia 3.5-kb deletion, and wild-type β-globin gene 
that were obtained in this study were similar to those deter-
mined by singleplex PCR in previous studies [12, 21]. The 
Tm of α-thalassemia-1 Thai type deletion was determined 
using singleplex PCR prior to the multiplex analysis per-
formed using newly designed primers.
RESULTS
Representative results of the dissociation curve analysis of 
each type of thalassemia assessed are shown in Fig. 1. The 
amplified fragments from the α-thalassemia-1 SEA and Thai 
type deletions had specific peak heights at mean Tm values 
of 86.89±0.17˚C and 85.66±0.08˚C, respectively. The am-
plified fragment from β-thalassemia 3.5-kb gene deletion 
had specific peak height at a mean Tm of 77.24±0.14˚C. 
Moreover, the specific peak height of the internal control 
fragment from the wild-type β-globin gene was obtained at 
a mean Tm of 74.92±0.26˚C. The results interpreted using 
single-tube multiplex real-time PCR with SYBR Green1 and 
HRM analysis were completely consistent with those deriv-
ed using conventional gap-PCR. 
DISCUSSION
Development of strategies for the prevention and control 
of thalassemia requires the identification of individuals at a 
risk of having offspring with severe thalassemias, including 
Bart’s hydrops fetalis, homozygous β-thalassemia, and 
β-thalassemia/Hb-E [26, 27]. Real-time PCR with SYBR 
Green1 and HRM analysis are currently used for the identi-
fication of thalassemia mutations [12, 21-23, 28]. This tech-
nique does not require fluorescently labeled probes or sepa-
ration steps. Therefore, it offers additional advantages, in-
cluding minimal labor, rapid turnaround time, and de-
creased risk of carryover contamination. Usually, SYBR 
Green1 is incorporated in the commercial master mix, and 
this is not cost effective, especially for single gene analysis. 
To reduce the cost and complexity for screening thalasse-
mia large gene deletions, which are the causes of severe 
anemia, we have developed a system of single-tube multi-
plex real-time PCR with SYBR Green1 and HRM analysis 
for identification of α-thalassemia-1 SEA and Thai type de-
letions and β-thalassemia 3.5-kb gene deletion. By this ap-
proach, a specific peak height was observed for each type of 
thalassemia assessed. To increase the sensitivity of the anal-
ysis, primers that specifically detected α-thalassemia-1 dele-
tions were used at a higher concentration than primers for 
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Fig. 1. Representative results of dissociation curve analysis for α-thalassemia-1 SEA and Thai type deletions and β-thalassemia 3.5-kb deletion. DNA samples 
were obtained from 5 normal individuals, 5 individuals with α-thalassemia-1 SEA type deletion, 2 with α-thalassemia-1 Thai type deletion, and 2 with heterozy-
gous β-thalassemia 3.5-kb gene deletions.
Abbreviations: dF/dT, derivative of the fluorescence/derivative of the temperature; SEA, Southeast Asian.Pornprasert S, et al.  •  Multiplex Real-time PCR for Thalassemia
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detection of the wild-type β-globin gene, which was used as 
an internal control. As a consequence, the specific peak 
heights for α-thalassemia-1 SEA and Thai type deletions 
were more noticeable than those for the internal control 
gene. Further, when the analyzed α- and β-thalassemic 
genes were not present in the samples, the peak height of 
the internal control was still clearly observed. Even though 
this technique cannot be used for identifying homozygous 
α- and β-thalassemia, it can facilitate rapid screening of 
their heterozygosity. Considering the high prevalence of 
homozygosity of α-thalassemia-1 (Hb Bart’s hydrops fetalis) 
and β-thalassemia diseases in fetuses produced by carrier 
couples (8% and 1%, respectively [29]), the homozygosity 
of the positive samples analyzed by single-tube multiplex 
real-time PCR with SYBR Green1 and HRM analysis 
should be further analyzed by conventional gap-PCR or 
real-time gap-PCR with HRM analysis [12, 21, 24, 30]. 
It has been previously suggested that SYBR Green1 is not 
suitable for real-time PCR with HRM analysis since high 
concentrations of SYBR Green1 (10 µM) could inhibit PCR 
amplification [31]; it can only be used at a non-saturated 
concentration. Moreover, SYBR Green1 that dissociates from 
DNA during melting can re-intercalate into regions of un-
melted double-stranded DNA [32]. This phenomenon of 
fluorescence dye redistribution can mask the small differ-
ences in the melting analysis stage [33, 34]. In the current 
study, SYBR Green1 is incorporated in the commercial mas-
ter mix at an optimal concentration for multiplex PCR. Fur-
thermore, the re-intercalation of SYBR Green1 did not occur 
and hence did not affect the melting curve analysis in our 
study. Additionally, the primer sets in this study were de-
signed to amplify short lengths of PCR products (134 bp for 
α-thalassemia-1 SEA type deletions, 180 bp for Thai type de-
letions, 224 bp for β-thalassemia 3.5-kb gene deletions and 
124 bp for wild-type β-globin genes). As a result, the re-in-
tercalation of SYBR Green1 was scarce, providing sufficient 
discrimination between the Tm value peaks of each amplicon. 
Although, the deletions of globin genes assessed in this 
study are most commonly found in only Thai and Southeast 
Asian populations, single-tube multiplex real-time PCR 
with SYBR Green1 and HRM analysis developed in this 
study may be used for diagnosis of other types of thalasse-
mia gene deletions.
In conclusion, our results indicated that single-tube mul-
tiplex real-time PCR with SYBR Green1 and HRM analysis 
for screening α-thalassemia-1 SEA and Thai type deletions 
and β-thalassemia 3.5-kb gene deletion is as effective as us-
ing a conventional method. This method would significantly 
reduce the cost and complexity of screening α-thalassemia-1 
SEA and Thai type deletions and β-thalassemia 3.5-kb gene 
deletions. Therefore, single-tube multiplex real-time PCR 
with SYBR Green1 and HRM analysis may be used as an al-
ternative for routine clinical diagnosis of thalassemias and 
may be especially useful for genetic counseling and preven-
tion and control programs of severe thalassemia in regions 
with a high prevalence of α- and β-thalassemia. 
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